Quantitative and spatial data for orchid pollination are scarce and may be important tools for reintroduction and conservation; however, conclusions cannot be drawn on the basis of the typically infrequent and unpredictable pollination events. We carried out a novel, retrospective, spatial analysis of the pollination of the entire population of two miniature orchids, Erycina crista-galli and Notylia barkeri, on coffee bushes in plantations at 900 m in Soconusco, south-eastern Mexico. The numbers of mature flowering plants of both species in the experimental site were similar. Notylia barkeri produced nearly four times as many flowers, but a similar proportion of the total number of flowers produced was pollinated (1.23% and 1.48% for N. barkeri and E. crista-galli, respectively). An estimated 29 919 977 (±4 983 995) seeds were produced by N. barkeri, nearly 12 times more than E. crista-galli at 1 009 414 (±147 000). The pollinators of N. barkeri chose flower clusters at random and pollinated various flowers within a patch, whereas the pollinators of E. crista-galli chose patches of flowers slightly more systematically, with less dependence on flower density, and appeared to dedicate less attention to each patch. For both species, pollinators slightly favoured larger clusters of flowers and left many individual and groups of flowers unvisited. To restore populations of these orchids in coffee plantations as a replacement habitat, N. barkeri should be planted in small, separate groups and E. crista-galli in larger groups of individuals, dispersed regularly throughout the selected site to maximize the possibility that the flowers will be discovered by pollinators.
INTRODUCTION
Coffee was introduced into the Soconusco region in Chiapas in the late 19th century, and, with the disappearance of the tropical rainforest, many orchid species have persisted in the coffee plantations, with some species now found almost exclusively on the coffee bushes themselves. According to Espejo-Serna et al. (2004) , about 11% of the orchid taxa found in coffee plantations in Mexico are listed in NOM-059-ECOL-2002 as requiring some form of protection, and almost 40% of the species are of horticultural interest. Ironically, the survival of these plants may depend on low coffee prices and the semi-abandonment of the plantations, as intensively managed coffee tends to be incompatible with the persistence of most epiphytic plants, although the various categories of 'ecological' and organic coffee may include epiphyte-sensitive management. It is, however, too early to judge whether orchid populations in these coffee plantations are sustainable in the long term (Solis-Montero, Flores-Palacios & Cruz-Angón, 2005) .
Most orchid species disappear quickly from humanaltered landscapes, suffering from habitat loss, uncontrolled commercial exploitation, contamination and exposure to more variable and extreme temperatures, humidity and solar radiation etc. (Koopowitz, 2001; Dixon et al., 2003) . The poorly understood interactions between organisms may be severely affected by disturbance and habitat fragmentation (Cunningham, 2000; Parra-Tabla et al., 2000; Ghazoul & Uma Shaanker, 2004; Ricketts, 2004; Valladares, Salvo & Cagnolo, 2006 ). Specialist, rare and habitatdependent pollinators may be particularly affected by human activities (for example, Johnson & Bond, 1992) , although many common, generalist, insect pollinators are surprisingly resistant to disturbance (Wilcock & Neiland, 2002; Ghazoul, 2005) . Similarly, orchid species dependent on one or a few pollinating species are more likely to become extinct, although overall population decline may be mitigated by compensatory mechanisms, such as clonality, longevity and facultative self-pollination (Johnson & Steiner, 2000) . The typically low rate of production of seed capsules of tropical orchid species may be offset by the large numbers of seeds produced per capsule (Calvo, 1993; Neiland & Wilcock, 1998) , and all the seeds produced will genetically reflect successful pollination events.
Habitat fragmentation typically results in altered population densities of plants and pollinators, increased distances between individuals and populations and changes in the nature of the landscape that interconnects the individual plants and populations. These changes may affect the foraging choices of pollinators and the dynamics of pollen transfer (Ghazoul & Uma Shaanker, 2004) . For sexual reproduction, the majority of orchids, being selfincompatible, are totally dependent on their pollinators, especially in the case of deceitful species (Gill, 1989; Ferdy et al., 1999) , whereas pollinators are free to exploit the best resources on offer. Pollinators such as Centris (Hymenoptera: Anthophoridae), larger euglossine (Hymenoptera: Apidae) bees and, to a questionably lesser extent, the smaller euglossines (Roubik & Hanson, 2004) have evolved the method of trap-lining (the repeated use of predetermined routes) to optimize foraging efficiency in the face of the scarce and widely dispersed resources available in the original, extensive, dense, tropical forests. It is estimated that 650 neotropical orchid species are pollinated by euglossine bees (Whitten et al., 1986) but observations have suggested that these bees may cease to trap-line, and may prefer to forage in resource-rich clearings and agroecosystems (Janzen, 1971 ; cited by Ackerman, 1982) , thus abandoning their participation in the pollination of the scarce and widely dispersed plant species, such as orchids, that are dependent on them. Flower density, from patch to landscape level, is important for the attraction of pollinators; however, the presence of a diversity and abundance of species with rewarding flowers may cause an Allee effect, in which rarer and deceptive flowers may suffer from reduced visitations (Ferdy et al., 1999) .
The study of the pollination of orchids is difficult, and epiphytic species are particularly neglected, presumably because of the difficulty and cost of accessing the plants. Visits by pollinators are unpredictable, ephemeral, rare or simply absent (Johnson et al., 2003) , and Tremblay & Ackerman (2007) mentioned hundreds of hours of observation of flowering Lepanthes rupestris Stimson, over a period of 15 years, without observing a single pollinator, although seed capsules were clearly being produced. Gill (1989) found no statistical correlation for orchids between percentage pollination and any other parameters, such as pollination strategy and morphological and environmental factors. Plant-pollinator systems are inherently variable and, although it would appear that euglossine bee populations are unusually stable (Roubik & Ackerman, 1987) , independent, natural fluctuations in pollinator populations and/or fruit set (for example, Roubik, 2001; Murren & Ellison, 2002; Tremblay & Ackerman, 2007) and differences between populations and microhabitat conditions (Tremblay & Ackerman, 2007) are common, making the interpretation of the effects of changes in discrete parameters virtually impossible. Gill (1989) suggested that orchids adapt to their pollinators, not the other way round, and orchids are notorious for their variety of pollination strategies and ability to adapt to a change in pollinator. For example, not only may the attraction strategy, structure of the flower and timing of flowering shift as a result of selection pressures, but the spatial presentation of the plants/flowers may also change. Tremblay et al. (2005) commented that the few studies concerning the importance of the density of floral display in orchids have produced conflicting results. Flores-Palacios & García-Franco (2003) found that the flowers of night-pollinated Rhyncholaelia glauca (Lindl.) Schltr. were visited at random by sphingid moths, and that visitation rates bore no relation to the spatial distribution and numbers of flowers present. By contrast, Keaser (2000) found that clustered, non-rewarding flowers were more likely to attract pollinating bumble bees than were sparsely distributed and intermingled flowers. Tremblay & Ackerman (2007) found that female fitness (as measured by fruit set) showed a slightly greater positive correlation than male fitness (as measured by pollinaria removal) with the number of flowers produced in L. rupestris. Carmona-Díaz et al. (2001) , working with a potential Batesian mimicry system in which Oncidium cosymbephorum Morren mimics Malpighia glabra L. (Malpighiaceae), also emphasized the RETROSPECTIVE SPATIAL ANALYSIS OF POLLINATION OF ORCHIDS 449 importance of the size of the floral display to attract pollinators. In the case of deceptive orchid species, Sabat & Ackerman (1996) suggested that display size below or above a certain threshold had no effect, as deception was ineffective in both very sparse and very dense stands. There are conflicting views as to whether the offer of a reward, such as nectar, fragrances or resins, affects the pollination success of orchids; Neiland & Wilcock (1998) and Tremblay et al. (2005) suggest 'yes ' and Jacquemyn et al. (2005) propose 'no', but studies of this type tend to suffer from a paucity of data and lack of replication.
In this study, we have determined retrospectively the relationship between fruit set and the abundance and distribution of flowers of two miniature epiphytic orchid species. We hypothesized that: (1) pollinators would be more attracted to denser clusters of flowers of both species; (2) Notylia barkeria, which offers a fragrance reward to attract opportunistic pollinators, should develop random clusters of large numbers of fruits; and (3) the non-rewarding Erycina crista-galli, which visually attracts trap-lining pollinators, should form smaller clusters, or individual fruits, with a non-random distribution. The results represent a contribution to the development of strategies to ensure sexual reproduction and long-term viability of populations of these orchids in coffee agroecosystems in south-eastern Mexico.
MATERIAL AND METHODS

STUDY SITE
The study was carried out in a rented 1 ha plot within an area of extensive traditional coffee plantations in the community of Santo Domingo (92°06′LN, 15°01′LW, 850 m above sea-level) in the municipality of Unión Juárez, state of Chiapas, south-eastern Mexico. Many of the plantations have been abandoned for several years and the majority receive minimal maintenance, consisting only of cutting back of the weeds.
ORCHID SPECIES AND FLOWERING PERIODS
[previously Oncidium crista-galli (Rchb.f.)] is classified as a twig epiphyte, and is only rarely seen on thicker branches and the trunks of trees and palms. This species produces few (usually two to five, rarely six, and very occasionally eight per inflorescence) relatively large, bright yellow flowers with a few dark spots, and provides no detectable scent or reward, although related species are known to produce resins (Stpiczyń ska, Davies & Gregg, 2007) . As a result of its localized distribution, E. crista-galli is included in the NOM-059- ECOL-2002 under the category of 'Special Protection'. As for some other members of the genera Erycina and Oncidium, it is possible that non-rewarding Erycina may attract pollinators by imitating other rewarding flowers, this being most effective with newly emerged, naive insects (Ackerman, 1986) , and the presence of these other flowers could be another important factor for the survival of these deceptive orchids (Johnson et al., 2003) . The pollinator of E. crista-galli has not been observed directly in Soconusco and no reports exist in the literature. As a member of the tribe Oncidiinae, the pollinator of this species is presumed to be a resin-collecting Centris bee (Van der Cingel, 2001); Centris mexicana Smith 1984 has been observed in the general vicinity of populations of this orchid and has been seen to pollinate Oncidium sphacelatum Lindl. in the region (Damon & Cruz, 2006) .
Notylia barkeri Lindl. is a more widespread species that is seen attached not only to twigs but also to the larger branches and trunks of various bush and tree species, and in various habitats. This species produces many (usually 5-50, occasionally up to 100 per hanging inflorescence) small, white flowers with green spots, and attracts fragrance-collecting euglossine bees by releasing copious quantities of scent, with eucalyptol, a-trans-bergamothene, trans-b-farnesene, b-bisabolene, methyl p-methoxycinnamate and cislanceol as the major components (del Mazo-Cancino & Damon, 2007) . In the Soconusco region, N. barkeri has been observed to attract various species of euglossine bees, most commonly Euglossa tridentata, E. variabilis and E. viridissima.
Erycina crista-galli was sampled during the complete flowering period of this species in October and November (2005), which is the beginning of the dry season in Santo Domingo. In other parts of Soconusco, flowers may also be produced between June and January, depending on the local climatic conditions. Notylia barkeri was sampled in January and February, the flowering period in Santo Domingo and the peak of the dry season in the area. This species may be observed flowering somewhere in Soconusco all year round, depending on the local climatic conditions.
EXPERIMENTAL DESIGN
Within the 1 ha plot, leaving a substantial margin on all sides, the central area (63 ¥ 63 m) was divided up equally into a total of nine sections (21 ¥ 21 m each) arranged as a square of 3 ¥ 3 sections. Each section was then subdivided equally into 49 blocks (3 ¥ 3 m each), resulting in a total of 441 blocks (Fig. 1) .
Each of the nine sections was allocated a different colour to facilitate data collection and analysis, and, within each section, each coffee bush was given a numbered, coloured label. There were 653 coffee bushes within the experimental site and the numbers of coffee bushes were noted for each of the 441 blocks. Finally, all the mature plants of N. barkeri and E. crista-galli per coffee bush were noted and incorporated into the grid plan of the experimental site. Prior to the flowering periods, any pre-existing seed capsules from previous flowerings were also noted. The shade trees were included in the original census, but there were so few plants of N. barkeri and E. cristagalli present on these trees that they were later excluded.
SAMPLING METHOD
For each species, three censuses were carried out: at the beginning of the flowering period, after one month and at the end of the second month (which, for both species, coincided with the end of the flowering period). A count was made of every flower present and the development of new seed capsules (i.e. fruit set, referring to the complete capsule and not to individual seeds). For the analysis, the numbers of flowers, which do not last for more than 3-4 weeks, were added to give one set of data representing the entire flowering period. At the end of the flowering periods of both species, the total number of flowers produced was reconfirmed by counting the bracts on the peduncles. The total number of seed capsules produced during the flowering period was used in the analysis, although some later rotted, some were aborted by the plant and a few were eaten by pests.
Three mature seed capsules of each orchid species were collected, and counts were made of the number of seeds per capsule. The average number of seeds per capsule, presented in Table 1 , is the average of the three samples for each orchid species.
STATISTICAL ANALYSIS
Chi-squared goodness-of-fit test
A chi-squared goodness-of-fit test was applied to the data corresponding to the distribution (presence or absence) of seed capsules within blocks in which flowers of the same orchid species were present; the number of flowers present in each block was not Figure 1 . Experimental site plan. In total, the experimental plot measured 63 ¥ 63 m. The plot was divided into nine sections, each measuring 21 ¥ 21 m. Each section was further subdivided equally into 49 blocks (7 ¥ 7), each measuring 3 ¥ 3 m (shown in section 9), resulting in a total of 441 blocks. In each block, there were one to four coffee bushes, occasionally none and very occasionally five.
considered in this section of the analysis. The data were adjusted to three types of distribution (Neyman, Thomas and negative binomial), all of which have been widely applied to ecological research (Neyman, 1939) , where the distribution of the variable of interest is aggregated or clustered, or, as described by Teich (1981) , forms a 'contagious distribution'. In this case, the Neyman and Thomas distributions provide a measure of the density of the clusters of flowers and the number of seed capsules per cluster. The negative binomial distribution is used to model populations that behave in a highly aggregated way, and this presupposes that the distribution of the aggregations is random and adjusts to a Poisson distribution. In this distribution, the parameter k is interpreted as a measure of the quantity of aggregation and is an expression of the dispersion of the distribution. There are two assumptions associated with these distributions:
1. that the clusters of individuals of the first variable (in our case, flowers) are distributed at random within the study area; and 2. that the number of individuals of the second variable (in our case, seed capsules) per cluster obeys the Poisson distribution within the study area.
In our study, both assumptions were fulfilled, i.e. the clusters of flowers within the study area were randomly distributed, and the distribution of seed capsules within the clusters of flowers was also random. Negative binomial distribution:
where k is the measure of the spatial heterogeneity of the population and G is the gamma function. The parameters of each of the distributions mentioned were estimated using the following formulae (Southwood & Henderson, 2000) .
Correlation between number of flowers and number of seed capsules
For each orchid species, a weighted linear regression was carried out to examine the relationships between 452 A. DAMON and J. VALLE-MORA the seed capsules (fruit) and the number of flowers, the number of coffee bushes and the spatial coordinates, assuming the origin to be the centre of the experimental site. The spatial structure was incorporated into the data by the determination of binary distances between blocks, in which the distance is unity if the blocks are neighbours and zero in all other instances (Upton & Fingleton, 1990) . These distances were weighted to accommodate the spatial structure of the data and the possibility of heterogeneity of the result. To determine the relationship between the number of seed capsules and the number of flowers, spatial coordinates of the blocks and the number of coffee bushes contained within each block (3 ¥ 3 m), a linear multiple regression model was adjusted. The assumptions of homoscedasticity, normality and independency were verified using residual analysis (Upton & Fingleton, 1990) .
Contour map analysis
Contour map analysis (Isaaks & Srivastava, 1989) was used as a graphic method to study and display the patterns contained within the observations obtained in this study, specifically the distribution of the flowers and seed capsules within the study area, using the software S-PLUS® 7.0 for Windows 2005 (Insightful Corp., Copyright 1988). To delimit the different regions of the contours, interpolation was used.
Data plot analysis
Data plot analysis (Isaaks & Srivastava, 1989 ) was applied as another tool to obtain a graphic representation of the distribution and clustering of the flowers and seed capsules, per block, throughout the experimental site, and to identify patterns and unusual data.
RESULTS
TOTAL NUMBERS OF COFFEE PLANTS, ORCHIDS, FLOWERS AND SEEDS
A summary of the numbers of plants, flowers and seed capsules present in the experimental plot is presented in Table 1 . There were 688 coffee bushes in the experimental site. The experimental site contained similar numbers of mature, flowering individuals of each of the two orchid species (Table 1) , which were irregularly distributed amongst the coffee bushes, with as many as 49 plants of N. barkeri and 75 of E. crista-galli adhering to a single bush. Notylia barkeri produced four times more flowers than E. crista-galli, but a similar percentage of the total number of flowers was pollinated. There were 173 successful pollination events and 13 973 unpollinated flowers for N. barkeri, and 57 successful pollination events and 3844 unpollinated flowers for E. crista-galli, with a subjective estimate of two to four times the number of pollinators for N. barkeri in action in the experimental site, based on chance observations during the experimental period.
Fruit set between the nine sections of the experimental plot was relatively consistent for N. barkeri, at 2.0, 0.9, 2.37, 1.84, 2.24 and 0.63%, but there were three sections with 0% seed set. In the case of E. crista-galli, the percentage fruit set was more variable, at 3. 29, 0.77, 2.56, 5.48, 8.33 , 0.75, 1.52 and 5.41%, but there was only one section with 0% fruit set. The net result was an estimated production of 11 875 239 seeds by N. barkeri, nearly 12 times that for E. crista-galli at 1 009 414.
STATISTICAL ANALYSIS
Notylia barkeri Chi-squared goodness-of-fit test:
The chi-squared goodness-of-fit test applied to the Neyman and Thomas distributions gave significant evidence that the data did not fit to these distributions (c 2 = 13.6, d.f. = 5, P = 0.018 and c 2 = 18.13, d.f. = 5, P = 0.0028, respectively). When applied to the negative binomial distribution, there was significant evidence that the data fitted to this distribution (c 2 = 6.02; d.f. = 5, P = 0.304 574 438). The parameter k was estimated using the Newton-Rhapson method, obtaining a value of k = 0.291 140 216. This value, being small, indicates a high level of clustering of the seed capsules within those flower clusters that were found by the pollinators. However, the seed capsules, although highly clustered within some of the available clusters of flowers, were distributed at random within the experimental site, conforming to the Poisson distribution. Furthermore, many individuals and groups of flowers were not found by the pollinators.
Association between number of flowers and number of seed capsules:
The data adjusted significantly to the linear regression model (F 4,87 = 12.1897; P = 6.5223 ¥ 10 -8
), but with a low value for the goodness of fit of 0.3592, indicating a low percentage of explanation of the variability present in the number of seed capsules. The only parameter that was significantly related to the number of seed capsules was the number of flowers per unit area (t = 6.1635; d.f. = 87; P = 2.1587 ¥ 10 -8
). Neither the position within the experimental site nor the distribution of the coffee bushes affected the pattern and density of fruit set (results not shown).
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Contour map analysis: This confirmed that the seed capsules for N. barkeri were distributed at random within the experimental site, although densely clustered within those clusters of flowers that were found by the pollinators. The results are shown in Figure 2A , B.
Data plot analysis:
This showed that the flowers were distributed mainly towards the centre and one side of the experimental site (Fig. 3A, B) . The seed capsules appeared at random within the site, but were densely clustered within the flower clusters. There were several areas with plentiful flowers but no seed capsules.
Erycina crista-galli Chi-squared goodness-of-fit test:
This gave no significant evidence to reject the adjustment of the data to the Neyman and Thomas distributions (c 2 = 5.02, d.f. = 5, P = 0.412). However, the adjustment to the negative binomial distribution was statistically significant (c 2 = 29.4, d.f. = 5, P = 1.927), indicating that the distribution of seed capsules within the study area was slightly more regular and predictable than for N. barkeri, but still random, and also that there was less clustering of the capsules within the flower clusters than for N. barkeri.
Association between number of flowers and number of seed capsules:
The data adjusted significantly to the linear regression model (F 4,87 = 6.7399; P = 8.97738 ¥ 10 -5
), but with a low value for the goodness of fit of 0.2366, indicating a low percentage of explanation of the variability present in the number of seed capsules. The only parameter that was significantly related to the number of seed capsules was the number of flowers (t = 4.4986; g.l. = 87; P = 2.10432 ¥ 10 -5
). Neither the position within the experimental site nor the distribution of the coffee bushes affected the pattern of seed set (results not shown).
Contour map analysis:
This confirmed that, for E. crista-galli, the seed capsules were distributed in a regular fashion within the aggregations of flowers (Fig. 2C, D) . Data plot analysis: There were four times fewer flowers for E. crista-galli than for N. barkeri, and this analysis showed that the flowers were more sparsely and irregularly distributed within the experimental site than for N. barkeri, with three main areas of flowering plants (Fig. 3C, D) . The presence of seed capsules followed the general trend of the three major groups of flowers, but with notable absences from some areas with large numbers of flowers.
DISCUSSION AND CONCLUSIONS
As for the majority of orchid species, in this study, the great majority of flowers were either not pollinated, possibly inefficiently pollinated or, as mentioned by Dodson (1967) in the case of N. barkeri, some pollinated flowers may have failed to develop a seed capsule for unknown reasons.
Strategies for the conservation of endangered and rare plant species must include the conservation of pollinators and other mutualistic species, and methods for optimizing the modus operandi of the mutualism. For pollination, the first and most important hurdle is to attract the pollinator to the flower, and the orchids in this study attracted pollinators using visual or olfactory stimuli. Contrary to our hypothesis, for both species of pollinator, the preference for larger floral displays was only slightly significant. However, in agreement with our second hypothesis, for N. barkeri, the seed capsules were more highly clustered within the flower clusters, suggesting that, once the pollinator localized or selected a cluster of flowers, it then visited other flowers within the patch. This situation probably arises from the fact that N. barkeri produces inflorescences with multiple flowers, many of which are open simultaneously; however, this is offset by the fact that plants of N. barkeri are not as clustered as those of E. crista-galli and that, despite the attractive offer of multi-flowered inflorescences, the pollinators do not 2  1  9  1  2  11   172  245  128  169 201 76 50  1587 55  48   42  22  24  112  16  84  25  508  60  198  97  21  92  329  18  82  247  520 8  61 33  7  5  45 20 155  36  53  2  3  17 214  3  2 48 10  7 7  10   10  60  20  5  30  96  5  106  20  1  7  33  169  25  22  35  74  43  104  7  216  39  245  198 fully exploit this situation and many inflorescences produce only one or two seed capsules. In the case of E. crista-galli, the seed capsules formed within the experimental plot also showed a clustered distribution within the clusters of flowers, but the relationship was not as strong. This species produces fewer flowers per inflorescence with a tendency for sequential opening of the flowers. The results suggest that the pollinator of E. crista-galli forages in a more systematic fashion, responding less strongly to the density of flowers in a patch, and paying less attention to each patch, in agreement with our third hypothesis.
The pollinator of E. crista-galli was never observed, despite the many hours spent in the plantation, implying that visits were rare and/or very short in duration. This has also been observed for C. mexicana pollinating O. sphacelatum (Damon & Cruz, 2006) and for Bombus visiting flowers of Cattleya elongata Barb.Rodr. and Cattleya tenuis Campacci & Vedovello (Smidt, Silva-Pereira & Borba, 2006) . This suggests that the pattern of seed set represents the pattern of foraging of one or a very few individuals attracted to the bright yellow flowers, and few visits in total.
Notylia barkeri attracts its pollinators by fragrance gradients, which may be effective over a considerable distance, although there have been no studies for any orchid species to show how environmental factors, such as vegetation characteristics, temperature, humidity and wind speed, affect the way in which volatile elements of the fragrance diffuse through space. The presence of clusters of flowers should improve attractiveness, but it is possible that the scent plumes may dissipate in such a way as to reduce or cancel the potential advantage of highdensity flowering. The pollinators of N. barkeri were only occasionally seen visiting the flowers, two or three at a time. The pattern of fruit set in this case therefore represents the work of various individuals, but with a low overall level of visitation.
The situation is complicated by the trap-lining behaviour of some species of bee that pollinate orchids. They are relatively long lived, cover large territories and optimize daily foraging by following predetermined, profitable routes, determined by previous experience. A sequence of flowers produced over a prolonged period would be a logical response to the behaviour of this type of pollinator (Roubik & Hanson, 2004) . Our observations in the Soconusco area suggest that Centris is a less abundant and more specialized pollinator, and that the relatively smaller numbers of flowers produced by E. crista-galli could be a response to the security offered by the repeated visits made by a trap-lining pollinator. However, a trap-liner determines its route soon after emergence and, at that moment, the orchid has to coincide in time and space and guarantee an impressive display of flowers in order to compete favourably with other resources.
Euglossine bees may be trap-liners in pristine forest ecosystems where resources are widely dispersed, but there is evidence of a switch to more opportunistic foraging within disturbed and agricultural ecosystems, such as coffee plantations (Janzen, 1971; cited by Ackerman, 1982) . We consider the small euglossine bees that pollinate N. barkeri to be opportunists, corroborated by our observations that Euglossa tridentata Moure, 1970 , E. variabilis Friese, 1899 and E. viridissima Friese, 1899 visit the flowers of various orchid and non-orchid species in the Soconusco region and have not been observed to return consistently to resources (Damon & Salas-Roblero, 2007) . Notylia barkeri produces abundant but small flowers and also offers a fragrance reward to its pollinators, and this investment may be a response to the need to compete on a daily basis for the attention of these more opportunistic pollinators. Our analysis supports the hypothesis that the trap-lining Centris bees that pollinate E. crista-galli cover their foraging territory in a more systematic manner than do the possibly more opportunistic euglossine bee pollinators of N. barkeri.
Erycina crista-galli is likely to be a deceitful species that imitates other yellow flowers in the vicinity, as suggested for various Oncidium species (for example, Carmona-Díaz et al., 2001) . A candidate plant is Byrsonima crassifolia (L.) Kunth (Malpighiaceae), which is fairly common in the study area; however, at the time of the experiment, there were no flowers of this species in evidence, and apparently no other species with yellow flowers. For a long-lived trap-liner, however, the deception may continue to function even though the flowering of the model has ceased and does not coincide with that of the orchid, and deceptive orchids may bloom strategically after the flowering of the model, when insects are more abundant as a result of that flowering. By contrast, some deceptive orchids may target recently emerged, naive insects, before the insects have gained experience with the flowers of the model. The size of the floral display is important, as emphasized by Thomson (1981) , but, to date, there are no spatial data available to compare and relate the distribution of the flowers of a deceitful orchid with the distribution of the flowers of a model plant. For conservation purposes, the management of the fate of a plant species with deceptive flowers requires the management of the model species, and fragmented landscapes, in some cases, may actually favour deceptive species because competition may be reduced (Ferdy et al., 1999) , whereas, in others, they may suffer from pollination limitation because of the absence of suitable magnet species (Johnson et al., 2003; Anderson & Johnson, 2006) . A great deal of work is needed to analyse the behaviour, foraging priorities and efficiency of these elusive pollinators. Kevan & Baker (1983) and Gumbert & Kunze (2001) have suggested that scent is easier than colour for insects to learn, and this may partly explain why the scented, visually insignificant N. barkeri flowers were slightly more likely to be found than the larger, visually attractive E. cristagalli flowers (1.23% and 1.48%, respectively). However, there were four times as many individual flowers of N. barkeri than E. crista-galli in the experimental site, and the smaller flowers of N. barkeri were clustered in multi-flowered inflorescences.
We did not take into account the efficiency of pollinating species, an important factor that is virtually impossible to study because of the few visits received by orchid flowers and the extensive foraging territory of euglossine and trap-lining bees. Of the 51 species of euglossine bees trapped in a variety of forest habitats in Panama, only 0.05% of individuals carried orchid pollinaria (Roubik & Ackerman, 1987) , whereas, in Soconusco, where only 11 euglossine species were trapped, 2.8% of the individuals were carrying pollinia (Damon & Salas-Roblero, 2007) , but from generalist, common and weedy species of orchids surviving in disturbed habitats. Calvo (1993) hypothesized that the correlation between seed production and seedling recruitment is so low for orchids that fitness is not increased by increased pollination, and therefore increased pollination is not selected for. However, our observations suggest that the characteristics that favour pollination may indeed be selected for because of the compensatory, extremely large number of seeds produced per pollination event, all of which will have a genetic makeup that reflects the successful pollination event. Moreover, not only are the characteristics of the individual flower selected for, but also, and possibly more importantly, the spatial-temporal configuration at the population level of the presentation of flowers. In our study, the formation of clusters of orchids further depends on the ability of the seeds to adhere to the narrow twigs of the coffee plants and on the distribution of the mycorrhizal fungi that facilitate the germination of the seeds; the seeds of some twig epiphytic orchids have been shown to have unusually extended hooks (Hagsater et al., 2005) . Although, at the time at which these experiments were carried out, the population sizes of the two orchid species were similar, N. barkeri was shown to produce nearly 12 times more seeds per unit area (nearly 30 million per hectare) than E. crista-galli. As we continue our analysis of the orchid populations in this site, it remains to be seen whether this vast number of seeds is translated into a faster population growth rate for N. barkeri.
Both species have short lifecycles, and individuals may persist in the dynamic environment of a coffee plantation for less than 10 years. The individual flowers of N. barkeri are smaller than those of E. crista-galli, but the body of the plant is larger, and the far greater numbers of seeds produced by N. barkeri may compensate for a scarcity of, or irregular distribution of, suitable mycorrhizal fungi and a heavy mortality of juvenile plants. Notylia barkeri 'invests' in a fragrance reward for its euglossine pollinators and uses volatile, non-recyclable resources to attract them. There is no evidence to show that E. crista-galli rewards its Centris pollinators, and the yellow colour which serves as the attractant is a single 'investment'. Notylia barkeri would appear to exemplify a relatively inefficient pollination strategy, but, at the population levels present at the time of the experiment, this orchid successfully competed for the attentions of its opportunistic pollinators. Notylia barkeri presents the characteristics of an opportunistic, weedy species, producing an exaggerated number of propagules to cover all eventualities. By contrast, E. crista-galli appears to be a less flexible species, dependent on a single species of pollinator, and at greater risk of elimination from a habitat, hence its status as a protected species with a reduced and localized distribution in Mexico. The pollination and life strategies of these two species are very different, but they live in the same habitat and maintain similar population densities and virtually identical percentage pollination rates. In this study, both types of pollinator showed only a slight preference for larger clusters of flowers, and notably few isolated flowers were pollinated. The net result was that N. barkeri, which attracts by scent and rewards its opportunistic pollinators, produced nearly 12 times more seeds than the deceptive E. crista-galli, which attracts its traplining pollinator by colour.
On the basis of our results, for the restoration and long-term survival of populations of N. barkeri and E. crista-galli, using coffee plantations as a replacement habitat, we recommend that small groups of plants of both species should be dispersed regularly throughout the selected site, with more plants per group of E. crista-galli than of N. barkeri. As orchid plants are scarce, we hope that relatively few individuals planted in this way will effectively form a net, and optimize the chances that flowers will be discovered by pollinators, leading to efficient reproduction of these orchids in situ.
(CONACYT-SEMARNAT) (Mexico), project no. 2002-C01-0697: 'Restauracion y aprovechamiento sustentable de las orquídeas del Soconusco, Chiapas'. We are grateful to the coffee producers of Ejido Santo Domingo, in the municipality of Unión Juárez, for renting out and maintaining the 1 ha plot in which this study was carried out.
